We quantitatively analyzed the dendritic and dendritic spine development on basal and oblique dendrites of large layer IIIc pyramidal neurons of the prospective prefrontal area 9 in the brains of three infants with Down syndrome (DS) and five age-matched-controls over the period from 32 weeks postconception to the 7 th postnatal month. By using Neurolucida 3.1 software on rapid Golgi impregnated slices, 9-10 neurons were three-dimensionally reconstructed. There were no significant differences in the pattern of the dendritic and spine development between the basal and apical oblique dendrites. The DS subjects did not depart significantly from the developmental curve of the control subjects. Our data showed that large and significant segment outgrowth, in parallel with dendritic elongation occurred during a limited period of time, between 36 weeks postconception and the first postnatal month. Dendritic spines appeared at the time of birth and their density continued to increase up to the age of 7 months. During the first postnatal month long thin spines and filopodia-like protrusions predominated, but the spines later changed their morphology to a more mature form. No differences in the spine morphology were qualitatively observed between the DS infants and the age matched controls. This data suggests that intensive formation of cortical circuitry occurs on large layer IIIc pyramidal neurons during perinatal period and is not disturbed in DS infants. Consequently, this could be a biological potential to mitigate psychomotor impairment in DS patient.
Introduction
Down syndrome is the most frequent form of mental retardation caused by genetic factors [1, 2] . In spite of many neuropathological studies on Down syndrome [for review see 3,4] , a common neurobiological basis to all these children is still elusive [5, 6] . Children usually have reduced frontal lobes and prominently narrow superior temporal gyri [3, [7] [8] [9] . The neocortical laminar formation is irregular, brain growth and the myelination of the cortical fibers (especially associative and commissural fibers from the frontal and temporal lobe) are delayed. There is a reduction of dendritic length and spine dysgenesis on the neocortical neurons [8, 10, 11] . Additionally, the neurons of Down syndrome patients were found to exhibit decreased spine density in a number of brain regions [12] [13] [14] [15] . Therefore, it is supposed that cognitive dysfunction and speech abnormalities in DS may be caused by the disordered development of cortical circuitries [8, 16] . Furthermore, the time course of neuropathological changes in Down syndrome displays regional patterns comparable with those observed in ageing and Alzheimer disease [17] . These neuropathological changes are consistently present in the association areas of the cerebral cortex, with associativecommissural layer III pyramidal neurons being a major vulnerable cell population [3, 17] . It has been also suggested that the cortical changes in the brains of children with DS are secondary to maturation delay, retardation of growth, and cortical dysgenesis [8, 18, 19] . Thus, it seems that perinatal development of layer IIIc pyramidal neurons deserves close scrutiny, as these neurons are the key cellular element in the input-output organization of the corticocortical connectivity [20, 21] . However, developmental studies of pyramidal neurons in DS are suprisingly scarce, and exclusively focused on the development of dendrites and the dendritic spines of the pyramidal neurons in the primary visual and primary sensorimotor cortex [12] [13] [14] [22] [23] [24] [25] [26] [27] .
During the past decade, we have collected an extensive set of data on normal prenatal and postnatal development of neurons and connectivity of the human frontal association cortex [20, [28] [29] [30] , with special attention to the development of the large associative layer IIIc pyramidal neurons [20, 21, [31] [32] [33] . This data offers a background for the analysis of the effects of developmental brain disorder on a selective neuronal population in a defined cortical area, in this case key cellular elements in the corticocortical circuitry [20, [34] [35] [36] [37] [38] .
In this context, we have studied the growth of the dendritic tree as well as the changes in spine density during the late fetal and early postnatal stage in infants with DS and in the children without any brain pathology or genetic malformation. The most rapid dendritic growth occurs on the associative layer IIIc neurons during this period, and their final bifurcation complexity is also reached then [32, 33] . Our hypothesis was that the dendritic and spine development were not disturbed in DS infants during the analyzed period, implicating that the cellular and circuitry elements important for processing higher cognitive functions are well preserved during the early postnatal life. Preliminary pilot data of basal dendrite tree development in two DS cases have been previously presented [40] .
Experimental Procedures

Brain tissue
We analyzed the postmortem brains of 8 subjects (3 subjects with Down syndrome: All of the analyzed subjects died of nonneurological causes and without a preagonal state, so that the postmortal interval actually represents the time of neuron death. In addition, no signs of brain pathology were noted in these specimens (Table 1) 2.2 Golgi rapid method 
Quantitative analysis
From each specimen, 9-10 fully impregnated layer IIIc pyramidal neurons were selected for a three-dimensional dendritic reconstruction. were counted, including the hair like processes [47] . All data were separately presented for the basal and oblique dendritic tree.
Statistics
We applied the SPSS package for statistical analysis. The dendritic parameters and the spine number were tested separately with one-way analysis of variance with parametric and nonparametric analysis with age as a main effect. In the statistical analysis every subject represents a separate age. The a posteriori Student-Newman-Keuls test for multiple comparisons was applied to determine which subjects were significantly different. A P level lower than 0.05 was considered to be significant. The apical dendrites became more frequently cut at the section border, and sometimes they could not be followed for longer distances. 
Results
Qualitative analysis
Discussion
The results of this study provide evidence that the development of dendrites and the formation of dendritic spines in fetuses and infants with DS proceed in a normal course, at least until the age of the 4.5 postnatal months (pm). Nevertheless, our data cannot completely exclude the possibility that the slight delay in spine formation is already present in DS infants at the age between 2.5 and 4.5 pm.
We also found that during the entire analyzed period (32 pcw -7 pm), rapid and significant growth of the dendritic tree is present only during a limited period of 2 months (36 pcw-1 pm), which is in agreement with previously published findings on the normal development of the basal dendritic tree of the prefrontal layer IIIc pyramidal neurons [21, 32, 33, 40, 43, 44] .
These data also suggest that during prenatal development all primary dendrites are grown, myelination [52] ; brain gross morphology [8] ; morphometric analyses of the skull [53] .
It is especially interesting that cholinergic basal forebrain, which abundantly innervates layer IIIc pyramidal neurons, displays also no abnormalities during this early postnatal period [54, 55] .
However, we cannot simply conclude that associative layer III pyramidal neurons undergo dendritic atrophy immediately after the age of 4.5 postnatal months. During our analysis, these neurons normally achieved only around 60% of their later childhood
and adult values [32] , and the number of spines is more than half of that compared to maximal values achieved during childhood and still fewer than the spine number in the adult subjects [33] . This additional dendritic elongation, parallel with the increase in spine number, will occur mostly later, around the age of 2 years [32, 33] . Therefore it is possible that there is a disturbance in dendritic and spine development of the associative layer is a subject of pure speculation, only fully and timely development of these neurons represents a prerequisite for the normal cognitive functions later in life [37] . It must also be added that the associative layer IIIc pyramidal neurons are selectively vulnerable in some diseases characterized by cognitive decline and the rate of their lost parallels with the rate of the cognitive decline in these patients [56] [57] [58] [59] . Considerable variability of intellectual function has been reported among individuals with DS [60] . A positive influence of environmental stimulation on cognitive development of children with DS has also been previously noticed [61] . In addition, children with DS who grew up at home had much better preserved intellectual abilities than those who were raised in orphanages [62, 63] . Although it is based on an indirect conclusion, it is very intriguing to speculate if the development of the associative layer
IIIc pyramidal neurons was highly preserved through to the later development in DS patients, would it also preserve the cognitive and intellectual abilities? Since we obtained parameters of the normal development during the whole postnatal stage, we intend to answer this question in the future, but this research is highly unpredictable according to the access of the post-mortem DS material.
In this paper we showed that the layer IIIc pyramidal neurons in DS had achieved their final dendritic complexity (branching pattern) and established adult like dendritic orientation [32] .
We also found that this stage of the dendritic the thinnest terminal part of the dendritic tree), and as the method with special ability to stain the large neurons in the deep part of the layer III, which were the target of our study [49] . Since the postmortem time was short and without any preagonal state, the quality of the sections was at the highest level. Therefore, it is reasonable to conclude that we minimized influence of methodological factors on the obtained results [50] . Since the normal developmental curve corresponded to data of previous independent studies which had partially analyzed the same period as in our study [32, 43, 44] , we concluded that the present pattern of growth is typical for the normal development of the large layer IIIc pyramidal neurons. In the interpretation of our results we only had to respect the possibility that the well-preserved neurons in DS infants had a higher tendency to be impregnated, and because of that they tended to be selectively regions of the cortex [14, 23] . In line with such findings, it must be mentioned that there are numerous studies indicating well-preserved
